S3
into NH 4 Cl aq. The product was extracted with Et 2 O, dried over MgSO 4 , and evaporated in vacuo. After distillation (200 tor, 30-40 ºC) , 2d was obtained in 34 % yield (6.61 g, 60 mmol).
1 H NMR (400 MHz, CDCl 3 ) δ: 5.02 (t, J = 6.6 Hz, 1H), 4.70 (d, J = 6.8 Hz, 2H), 1.34 (q, J = 7.6 Hz, 2H), 0.99 (s, 6H), 0.84 (t, J = 7.5 Hz, 3H). 13 C NMR (100 MHz, CDCl 3 ) δ: 206.70, 100.34, 76.02, 35.63, 34.32, 27.31, 8.98 . 839.0, 869.9, 1014.6, 1057.0, 1095.6, 1261.5, 1462.0, 1955.8, 2964.6 
IR (ATR):

Experimental Procedure
Typical procedure in Table 1 (Entry 1)
To a 10-mL Schlenk flask with a reflux condenser was added K 3 PO 4 ·H 2 O (92 mg, 0.40 mmol), and the whole system was dried under evacuation and heating with stirring. The flask was backfilled with argon and Pd 2 (dba 3 )·CHCl 3 (10.3 mg, 0.010 mmol, 5 .0 mol %), CuCl (0.020 mmol, 10 mol %) and phenylboronic acid (3a,
36.6 mg, 0.30 mmol) were charged. The flask was evacuated and backfilled with argon three times. Then, toluene (3.6 mL) and MeCN (0.4 mL) were added to the flask. To the mixture, H 2 O (14 μL, 0.80 mmol), cyclohexylallene (2a, 30 μL, 0.20 mmol) and 3-phenylpropionyl chloride (1a, 60 μL, 0.40 mmol) were added in this order, and the mixture was stirred at 50 °C for 3 h. After cooling to room temperature, the reaction mixture was analyzed by GC using tetradecane (50 μL) as an internal standard.
Regarding the isolation of (E)-4a, the reaction mixture was filtrated through a pad of silica gel and all volatiles were removed in vacuo. (E)-4a was obtained by MPLC (Hexane/EtOAc = 98/2) in 80% yield. The stereochemistry of the product (E)-4a was determined by 2D NMR measurements (See pages S41).
Effect of base and additives
To a 10-mL Schlenk flask with a reflux condenser was added a base (0.40 mmol), and the whole system was dried under evacuation and heating with stirring. The flask was backfilled with argon, then Pd 2 (dba 3 )·CHCl 3 (10.3 mg, 0 .010 mmol, 5.0 mol %), an additive (0.020 mmol, 10 mol %) and phenylboronic acid (3a, 36.6 mg, 0.30 mmol)
were charged. The flask was evacuated and backfilled with argon three times. Then, toluene (3.6 mL) and MeCN (0.4 mL) were added to the flask. To the mixture, H 2 O (14 μL, 0.80 mmol), cyclohexylallene (2a, 30 μL, 0.20 mmol) and 3-phenylpropionyl chloride (1a, 60 μL, 0.40 mmol) were added in this order, and the mixture was stirred at 50 °C for 3 h. After cooling to room temperature, the reaction mixture was analyzed by GC using tetradecane (50 μL) as an internal standard. Yield by the GC internal standard method. c Determined by GC. d Isolated yield of (E)-4a. Table 2 To a 10-mL Schlenk flask with a reflux condenser was added K 3 PO 4 ·H 2 O (92 mg, 0.40 mmol), and the whole system was dried under evacuation and heating with stirring. The flask was backfilled with argon, then Pd 2 dba 3 ·CHCl 3 (10.3 mg, 0.010 mmol, 5.0 mol %), CuCl (2.0 mg, 0.020 mmol, 10 mol %) and phenylboronic acid (3a, 36.6 mg, 0.30 mmol) were charged. The flask was evacuated and backfilled with argon three times. Then, toluene (3.6 mL) and MeCN (0.4 mL) were added to the flask. To the mixture, H 2 O, cyclohexylallene (2a, 30 μL, 0.20 mmol) and acid chloride (0.40 mmol) were added in this order, and the mixture was stirred at 50 °C for 3 h. After cooling to room temperature, all volatiles were removed in vacuo. The product was isolated by MPLC or preparative recycling GPC. The stereochemistry of the product 4b-j was determined by 2D NMR measurements. As typical examples, NOESY spectra of 4g and 4h was shown in Section 5 (See pages S41 and S42). Table 3 To a 10-mL Schlenk flask with a reflux condenser was added K 3 PO 4 ·H 2 O (92 mg, 0.40 mmol), and the whole system was dried under evacuation and heating with stirring. The flask was backfilled with argon, then Table 4 To a 10- 200.66, 148.93, 141.53, 140.23, 138.13, 128.41, 128.38, 128.29, 128.17, 125.96, 125.77, 39.37, 38.35, 32.03, 31.41, 30.63, 25.74, 25.41 . IR (ATR):
S4
General procedure in
S6
General procedure in
902.7, 974. 1, 1030.0, 1074.4, 1126.4, 1178.5, 1450.5, 1494.8, 1602.9, 1633.7, 1668.4, 2850.8, 2926.0, 3026.3 cm -1 . 202.12, 148.34, 140.36, 138.24, 128.23, 128.16, 125.70, 38.31, 37.50, 32.10, 31.66, 31.41, 29.22, 29.07, 25.77, 25.44, 24.88, 22.56, 14.04 . IR (ATR): 734.9, 900.8, 972. 1, 1030.0, 1074.4, 1132.2, 1450.5, 1494.8, 1668.4, 2852.7, 2926 199.19, 150.01, 139.96, 137.65, 135.32, 129.25, 128.40, 128.21, 128.14, 126.50, 125.72, 44.64, 38.37, 31.96, 31.47, 25.72, 25.33 . IR (ATR): 746. 5, 974.1, 1030.0, 1074.4, 1122.6, 1450.5, 1494.8, 1602.9, 1664.6, 2850.8, 2926 .0 cm 196.08, 157.93, 149.85, 139.60, 136.32, 129.43, 128.38, 128.24, 125.96, 121.32, 114.68, 70.27, 38.33, 31.93, 31.45, 25.70, 25.36 . IR (ATR): 752. 2, 785.0, 1030.0, 1130.3, 1174.7, 1230.6, 1450.5, 1494.8, 1599.0, 1631.8, 1687.7, 2850.8, 2926 140.43, 137.22, 128.20, 128.14, 125.65, 44.38, 38.34, 32.13, 31.52, 29.71, 25.89, 25.83, 25.78, 25.47 . IR (ATR): 734.9, 821.7, 906.5, 1030.0, 1074.4, 1118.7, 1141.9, 1255.7, 1311.6, 1450.5, 1494.8, 1664.6, 2852.7, 2926 .0 cm -1 . 139.82, 136.86, 128.49, 128.25, 125.87, 43.79, 37.80, 33.92, 32.47, 28.55, 25.84, 25.53 . IR (ATR): 742.6, 902.7, 966.3, 1030.0, 1074.4, 1114.9, 1365.6, 1394.5, 1450.5, 1477.5, 1494.8, 1672.3, 2850.8, 2926 197.41, 162.59, 149.48, 140.04, 137.41, 131.86, 131.10, 128.38, 125.87, 113.29, 55.37, 38.29, 32.93, 32.22, 25.77, 25.48 . (One aromatic carbon peak was overlapped.) IR (ATR): 761.9, 842.9, 1030.0, 1168.9, 1228.7, 1253.7, 1448.5, 1508.3, 1599.0, 1641.4 197.25, 151.60, 139.76, 137.85, 137.47, 136.97, 130.82, 128.43, 128.32, 128.29, 125.99, 38.43, 32.53, 32.06, 25.69, 25.37 . IR (ATR): 740.7, 754.2, 825.5, 947.1, 1014.6, 1226.7, 1275.0, 1302.0, 1446.6, 1494.8, 1589.3, 1645.3, 2846.9 200.17, 142.83, 141.36, 140.76, 140.72, 139.75, 128.50, 128.40, 128.34, 128.32, 128.29, 128.21, 126.23, 125.97, 125.83, 39.27, 34.74, 31.24, 31.10, 30.65 . 4, 1138.0, 1454.3, 1494.8, 1602.9, 1687.7, 2929.9, 2956 144.24, 144.05, 143.32, 141.46, 128.33, 128.26, 128.09, 127.28, 125.87, 125.62, 42.11, 40.13, 31.46, 30.62, 28.45, 27.23, 26.42, 26.38, 25.82 . IR (ATR): 750.3, 1138.0, 1452.4, 1494.8, 1600.9, 1668.4, 2924.1, 3026.3 cm MHz, CDCl 3 ) δ: 200.55, 149.28, 141.39, 138.76, 137.87, 131.48, 129.52, 128.42, 128.37, 126.01, 39.21, 38.44, 32.01, 30.79, 30.63, 25.69, 25.38 . (One aromatic carbon peak was overlapped.) IR (ATR): 750.3, 902.7, 1014.6, 1091.7, 1126.4, 1178.5, 1448.5, 1491.0, 1668.4, 2850.8, 2926 200.49, 149.30, 141.35, 139.27, 137.76, 131.28, 129.92, 128.40, 128.35, 125.99, 119.52, 39.18, 38.42, 31.98, 30.83, 30.60, 25.66, 25.35 . IR (ATR): 750. 3, 794.7, 902.7, 1010.7, 1072.4, 1126.4, 1178.5, 1406.1, 1448.5, 1487.1, 1666.5, 2850.8, 2926 200.30, 150.08, 146.07, 141.17, 137.07, 132.07, 128.90, 128.40, 128.33, 126.04, 119.03, 109.59, 38.96, 38.57, 31.90, 31.62, 30.56, 25.57, 25.28 . IR (ATR): 750. 3, 819.8, 1126.4, 1176.6, 1448.5, 1496.8, 1606.7, 1666.5, 2225.9, 2850.8, 2926 42, 167.04, 149.62, 145.90, 141.33, 137.53, 129.62, 128.40, 128.34, 128.13, 127.73, 125.99, 51.90, 39.14, 38.49, 31.91, 31.46, 30.62, 25.64, 25.32 . IR (ATR): 752. 2, 902.7, 1020.3, 1107.1, 1178.5, 1278.8, 1435.0, 1496.8, 1608.6, 1668.4, 1720.5, 2850.8, 2926 137.19, 135.56, 133.73, 132.03, 128.69, 128.45, 126.61, 126.01, 125.84, 125.51, 125.44, 123.95, 123.50, 39.41, 38.22, 32.00, 30.72, 28.05, 25.71, 25.28 . (One aromatic carbon peak was overlapped.) IR (ATR): 750. 3, 771.5, 790.8, 902.7, 1076.3, 1126.4, 1398.4, 1448.5, 1494.8, 1668.4, 2850.8, 2924 .1 cm (m, 5H), 1.36-1.07 (m, 5H). 13 C NMR (100 MHz, CDCl 3 ) δ: 200.41, 148.98, 141.53, 137.58, 137.15, 130.18, 128.42, 128.40, 128.30, 126.90, 125.98, 39.21, 38.15, 32.14, 30.73, 29.20, 25.75, 25.44 . (2 aromatic carbon peaks were overlapped.) IR (ATR): 900.8, 964.4, 1030.0, 1074.4, 1126.4, 1178.5, 1448.5, 1494.8, 1668.4, 2850.8 
HRMS (APCI):
IR (ATR):
